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V.  I.  Denisov,  Chief*  Engineer  oT  the  VTs  Ror'kovskaya  Dorora, 

V.  A.  Pavlov,  Assistant  Chie'’  of  the  Communications  Branch 

Conter.porarv  computers  ensure  accuracy  of  nrocessinr  inforna- 
tion  with  an  error  probability  in  the  binary  symbol  not  creater 

— 6  ft 

than  10  -10“°.  The  probability  o''  errors  occurrinr  with  the  trans¬ 

mission  of  data  alonr  telephone  or  telepraph  communications  channel 
i3  within  lO^-lD”^.  As  a  result  of  this,  the  accuracy  of  calcula¬ 
tions  or  problems  on  a  computer  with  the  use  or  communications 
channels  in  the  control  svstem  or  data  nrocessinr  can  be  achieved 
only  with  the  aid  o'*  special  measures  which  increase  the  lire  or 
inromation  transmission  by  at  least  2-3  orders. 

The  hirh  speeds  of  inromation  nrocessinr  in  a  computer,  and 
also  the  necessity  in  many  cases  to  process  In  format  ion  practi¬ 
cally  in  a  real  scale  0°  time-limits  the  possibilities  or  usinp  un¬ 
automated  methods  or  nreventinr  errors.  In  contemporary  data  trans¬ 
mission  systems,  automatic  devices  Por  Increesinr  the  reliability 
or  inromation  are  used. 

Russian  industry  has  assimilated  the  series  output  or  data 


transmission  equipment  with  automatic  devices  for  increasinr  the 
reliability  of  Information. 

Let  us  examine  two  types  of  equipment:  1  je  low-speed  "Akkord- 
50  and  the  medium-speed  "Akkor.  1-1200  FI'". 

APD  [data  tr a:i  snj  r. a  1  oa  ceui"nont]  "  A!:  !:o  rri- 5  "1  I'P" 


Phis  equipment  is  designed 
’-’utatinp  telerraph  channels  of  a 
'id  bauds.  "1th  the  presence  o'*  a 
resrondlnq  oarameters .  o^erat ion 


for  operation  in  <a  network  of  co-- 
user’s  teloqrarh  up  to  a  speed  of 
conr.unicat  Ions  channel  with  ccr- 
v:ith  a  speed  of  up  to  100  bauds 


is  possible. 

Reliability  increases  as  a  result  o'*  the  fact  that  the  auali- 
tv  of  transmission  alone  a  communications  channel  is  controlled  by 
the  equipment,  and  errors  which  occur  are  detected  with  the  aid  of 
•»  cyclic  code  and  are  improved  with  repetition.  e  use  in  the  euiip 
~er.t  a  method  o'*  information  transmission  with  solvinr  reverse  con- 
ram  ic  at  ’  ons . 

The  enuinment  consists  o''  a  stand  for  the  receiver-transmi  tter 
"Akkord-50  PP”  and  the  PU  con.lurntinr  device.  As  the  input  and  cut- 
rut  devices  we  use  the  ”f-lr'00  photoreader  (article  pf  the  '’iff") 
and  the  ^L-lfjO  tape  nerforator.  "or  callinr  the  required  user,  ve 
use  the  'T  callinr  Instrument.  An  external  view  or  the  equipment 
is  shown  (n  ^irure  1.  The  dirits  on  it  indicate:  ]  -  roceiver-tr.ans 
mitter;  2  -  con’uratlnr  device;  3  -  VT-1500;  -  Fh-llj0;  l>  -  tele¬ 

rraph  equipment;  b  -  VP  callinr  instrument. 

The  "\kkord-[30  PP"  can  operate  in  a  semi-duplex  alonr  double- 


conductinr  lines  in  conditions  with  a  fixed  lenqth  of  the  bloc!: 
(’’PB)  and  with  a  free  lonrth  of  the  block  (BDB)  with  a  speed  of 


transmission  of  50  or  100  bauds,  'lodes:  f lve-elerent  HTK-2  and  the 
eight-element  OOST  13052-67,  information  carrier  -  punched  tape. 
Input  directly  ('ron  the  telegraph  equipment  is  possible. 

Relative  distortion  with  transmission :  to  the  side  of  the  line 
-  55,  to  the  side  on  the  output  devices  -  205;  correcting  ability 
of  the  receiver  -  no  worse  than  *4  55; 

reliability  of  information  -  no  worse  than  1  sign  per  3*10° 
o°  correctly  accepted  sirns  (in  the  ,;,Db  node); 

input  and  output  of  information  -  parallel  or  senuential; 
method  for  detection  errors  -  codinr  of  the  constant  lenrth 
block  (in  the  node),  codinr  of  the  changing  lenpth  block  (in 
the  SDB  mode)  and  decoding  with  reception; 

method  for  correcting  errors  -  automatic  repetition  of  blocks 
of  data  accepted  with  errors  (?DB  node),  transfer  to  mode  of  user 
telegraphing  (AT)  with  detection  of  error  in  the  block  (SDB  mode); 

lenpth  of  the  block:  in  the  PDB  node  -  60  elements  (15  start- 
stop  signs),  in  the  SDB  node  -  up  to  325  elements  (up  to  65  start- 
stop  signs); 

noise-3uonressing  code  -  cyclic; 
linear  voltare  -  +60  V; 

voltage  of  the  feed  network  -  alternatinr  220  V,  freouency 
50+2  Hz;  required  power  250  VA; 

reliability  indicator  *626  h;  average  time  for  establish¬ 

ing  readiness  of  the  equipment  -  30  min. 

A  diagram  of  the  data  transmission  tract  along  the  network  of 
the  user  telegraph  is  given  in  figure  2. 
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^or  tnnsnts.iion  or  data  between  two  point;',  tv;o  equipment 
complexes  o'*  user  telegraph  terminals  are  require  i.  After  estab¬ 
lishing  a  connection  of  the  equipment ,  we  switch  to  •>.  node  of  trans¬ 
mission  or  reception  o'*  data.  The  transmitted  information  is  pre¬ 
liminarily  carried  on  5-  or  3-track  punched  tape,  and  then  input 
into  the  equipment  with  the  aid  of  an  input  device. 

As  the  input  device  we  use  the  photoreading  device  73—1500. 

The  input  of  information  from  the  keyboard  of  tne  telegraph  oouip- 
mont  is  possible.  The  accepted  information  is  taken  from  the  com¬ 
munications  channel  to  the  tape  puncher  PL-150  or  the  read. i nr  de¬ 
vice  of  the  telegraph  equipment. 

The  transmitting  station,  on  the  sip-rial  "data  transrvi  ssicn" , 
reads  information  from  the  input  device,  which  then  proceeds  tc  the 
communications  channel  and  to  the  decoder,  accomplishing  nolse-sur- 
rressi.nr  coding,  and  stores  it  in  the  memory.  Information  from  the 
input  device  is  read  unit-by-unit.  The  structure  of  the  data  blocks 
for  modes  7313  and  S3 13  is  given  in  Tirures  3  and  4. 

At  the  receivinr  station,  the  data  blocks  proceed  to  the  de¬ 
code!’  which  leteccs  errors,  and  are  recorded  in  the  memory.  I"  no 
errors  are  detected  in  the  data  block,  then  information  is  taken 
“rom  the  renor1*  to  the  output  device,  and  the  signal  "receipt", 
advising  the  transmitter  of  error-less  reception  of  the  data  block, 
is  sent  along  the  reverse  channel  tc  tiie  side  of  the  transmitting 
station.  The  transmitter,  having  received  the  signal  "receipt", 
erases  the  signal  recorded  in  the  memory  of  the  data  block,  reads 
the  new  data  block  from  the  input  device,  and  repeats  the  cycle. 

In  the  case  of  detection  cf  an  error, 
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the  decoder  gives  out  a  sigr.a 


wh i c h  prohibits  the  output  of  a  data  block  from  the  ner.ory  to  the 
output  device. 

The  absence  c1'  the  "receipt"  signal  for  l.b  seconds  after 
trnnsr.ission  of  a  data  block,  as  with  its  distortion,  is  considered 
as  a  signal  "inquiry  c'  a  distorted  data  block".  In  this  case,  the 
transmitting*  station  does  not  take  a  nev  data  block  from  the  Input 
ievtce,  but  rives  off  information  to  tine  decoder  and  the  communica¬ 
tions  channel  ‘’rm  the  memory. 

The  reliability  of  the  transmitted  information  v:Ith  this  met¬ 
hod  of  transmission  Is  determined  bv  the  derree  of  detection  of 
error,  ensured  by  the  selected  code. 

7or  constructing*  the  cyclic  codes  we  use  the  writinp  or  cede 
combinations: 

CU)  Oa-tX*~*+  • 

where  «,  -  coefficient  of  scale  of  notation, 

t  -  basis  of  the  scale  of  notation. 

The  cyclic  codes  are  formed  by  multiplying  each  code  combina¬ 
tion  expressed  In  the  form  of  a  polynomial  1  (x)  on  the  forminp 
polynomial  P  (x)  by  derree  (n-k), 

where  n  -  total  number  of  symbols  of  the  ccrrectinr  code, 

k  -  number  of  information  elements  in  the  code  combina¬ 
tions  . 

As  a  result  of  multiplyinr  by  the  forming  polynomial,  the  num¬ 
ber  of  permitted  code  combinations  does  r.ot  chanpe,  but  remains 
equal  to  2  ,  and  the  total  number  of  prohibited  coded  combinations 

r*  If 

is  equal  to  2-2  ' .  The  permitted  code  combinat  ions  are  dlstinpuished 
by  the  fact  that  they  are  all  divided  without  remainders  by  the 
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2he  M'i)  "Al.kor  1-1200  consists  o"'  a  ',tand  with  a  J evict*  for 
protection  against  errors  (U20)  and  an  operator  table,  Plac<  i  •  n 
the  operator  table  are  "ho  lens"  ami  devices  for  con/*  agating  input 
and  input  devices  (US),  As  the  input  and  output  devices  we  use 
photoreading  device  PS-1500  (article  of  the  ChSS!  )  and  the  PL-1  . 
perforator,  installed  on  the  operator's  table.  'lorocver,  placed  on 
the  table  of  the  operator  is  the  telephone  ecui  pr.ent  '’A-G‘3  for 
jperation  along  commutating  channels,  or  an  Instrument  for  operation 
alonr  separate  channels  (PVh). 

in  external  view  the  equipment  is  given  in  F3  jure  A. 
numbers  w.  !t  indicate:  i  -  UZ0|  2  -  operator's  tablet  '  -  PL-150; 

•  -  "’S-1500 ;  3  -  T:\-u5  ATf. 

The  \TD  "  lkkord-1200  ?!'”  can  operate  in  a  poll  duplex  node  with 
a  doul  le— lino  terminal  and  a  durlex  node  ith  four-line  ter.  Inal 


with  :  ipeed  of  600  and  Id  •  bauds.  Information  is  tr<  isr.it  t<  1  by 
a  metlsc  l  w  ith  deciding  reverse  comwunicat  ion  a  rclia!  i  1  itv  n< 

worse  than  10°  o"  a  distorted  cirn  from  correct!”  .accepted  signs. 

'he  information  carrier  -  6-,  7-,  an  1  -t rac ;  ".nw.oa  tare, 

and  its  input  and  output  -  parallel  or  seouont'alj 

method  of  detect  ing  error  '  -  formation  and  coding  of  Mac’'  • 
of  constant  length  and  decoding  with  reception;  method  c''  correc- 
ting  errors  -  automatic  repetition  o''  data  blocks  accented  with 
errors,;  code  -  cyclic;  correcting  ability  of  the  correction  device  - 


length  of  the  block  -  260  elements  with  a  speed  on  1200  lauds 
and  132  elements  with  a  speed  of  (.00  bauds; 

voltage  of  the  feed  network  -  alternating  220  V,  freouenev  - 


7 


50+2  ;  reou! red  f'owcr  -  not  more  than  10  JO 

ie  equipment  eccupi  an  rea  - no  i  >r  t)  i  • 

A  block  diagram  o'*  the  tract  for  operation  a  Ion-'  ccrsuta:  ible 
and  leparate  telephone  channels  Is  reflected  In  7igures  £  and  7* 

For  calling  t  »e  users  and  establishing  a  e  nnect ion  wit  i  t 
along  conrmtatable  channel;;  on  the  telep;  ne  e^u 1 pw.ont  A'A-u-A 
we  select  the  nur ber  of  the  deslr<  l  user*  and  with  operation  '  ng 
separate  telephone  channels  on  the  instrument  PV  .  -  pro.';*,  t s. •*  "c:  : 
button . 

With  lata  transmission,  t ho  telephone  channel*  witl  t  .  !  . 

spectrum  frequency  separation*  Is  divided  Into  a  lata  transmissl 
channel  (direct  channel)  and  a  channel  "or  transmit  tin.  •  f.n.ct  i  n 
signals  (reverse  channel). 

The  operating  frequencies  of  the  direct  and  reverse  channels 
are  shown  In  the  table. 

Before  beginning  data  transmission,  the  receiving  station  is 
phased  relative  to  the  transmitter  according  to  transmitters  and 
cycles.  The  transmitting  station  :’orn.;  a  combination  on  rhas  in”, 
•which  iirectl”  proceeds  to  the  communications  channel  before  acqui¬ 
sition,  along  the  reverse  channel,  of  a  signal  "cen’"‘irwation"  *r 
the  receiving  station,  ii'.e  receiving  station  conducts  a  continuous 
search  for  the  combination  of  phasing  in  sequence.  In  which  the 
signals  proceed  <*rom  the  communications  channel  and ,  as  it  can  only 
be  '*ounci,  the  signal  "confirmation"  is  sent  along  the  reverse  c !va fi¬ 
ne  1  . 

V.'ith  the  acquisition  of  the  signal  "conf irnation"  at  the  trans¬ 
mitting  station,  data  are  read  in  the  parallel  cede  oh  the  photo- 
reading  device  73-1500  and  proceed  to  the  UAO,  where  tnry  are 
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converted  to  sequential  code  and  divided  into  blocks.  The  structure 
of  a  block  is  shown  in  Wipure  8,  Indicated  on  it  are:  260/132  ele¬ 
ment  -  full  lenpth  of  the  block  at  a  speed  of  1200/600  bauds;  4  - 
element  -  unction  sipn  of  the  block  (A,  B,  0);  240/112  elements  - 
information  part  of  the  block  at  a  speed  of  1200/600  bauds;  16  - 
elements  -  checkinr  part  of  the  block. 

The  formed  blocks  of  data  in  sequential  code  proceed  to  "Wo- 
den".  "Woden"  converts  the  seouence  or  pulses  to  frequency-modulated 
oscillations  and  senarates  them  into  the  channel. 

The  data  blocks  are  simultaneously  recorded  in  the  memory  of 
the  transmitting  station  without  a  checkinr  combination.  The  trans¬ 
mitter's  memory  is  calculated  for  simultaneous  storape  of  two  data 
blocks . 

The  transr.ittinp  station  continuously  transmits  data  blocks 
to  the  communications  channel  and  analvzes  the  sipnals  of  the  re- 
ceivinp  station  on  the  reverse  channel. 

With  the  acquisition  of  the  sipnal  "confirmation",  the  trans¬ 
mitter  transmits  the  next  d£ ta  block  to  the  channel,  and  f'rom  the 
input  device  a  new  block  is  read.  With  the  acquisition  in  the  re¬ 
verse  channel  of  the  sipnal  "innuiry",  two  data  blocks  are  trans¬ 
mitted  from  the  nenorv  to  the  communications  channel;  hero  data 
from  the  input  device  are  net  read. 

At  the  recelvinp  station,  the  frequency-modulated  sipnals  are 
detected  and,  in  the  form  o^  a  seouence  of  pulses,  proceed  to  the 
decoder  and,  simultaneously,  to  the  memory,  desipned  for  storinp 
one  lata  block.  Tf  no  errors  are  detected  in  the  data  block,  the 
data  from  the  memory  are  separated  to  the  perforation  device  Pl-1‘30. 


The  signal  "conf irnat ion"  is  simultaneously  sent  along  the  rever  e 
channel  to  the  side  of  the  transmitting  station.  With  the  ietection 
of  an  error  in  the  data  block,  the  latter  are  not  separated  from 
the  menory,  and  the  sinnal  "inquiry"  is  transmitted  along  the  re¬ 
verse  channel. 

^or  eliminatin''  loss  or  the  acceptance  of  two  Identical  data 
blocks  as  a  result  of  distortions  in  the  reverse  channel  or  repeated 
inquiries,  data  blocks  are  numbered  at  the  transmitting  station. 

They  follow  with  the  ''unction  signs  (A,  B,  C,  A,  B,  C,  ...  etc.). 

The  numbers  of  the  data  blocks  are  also  recorded  in  the  memory 
of  the  transmitting-*  station.  Therefore,  the  number  assigned  to  the 
block  remains  with  it  until  such  tine  as  trie  bloc!:  will  not  be  ac¬ 
cepted  correctly. 

The  receivin'  station  continuously  analyzes  the  order  of  pro¬ 
cession  of  function  signs  of  the  data  blocks  and  with  its  distor¬ 
tion  separates  the  equipment  from  a  data  transmission  node  to  a 
"telephone"  mode.  Trie  switching  of  equipment  to  the  riven  mode  occur 
only  after  acquirin'-  the  signal  "confirmation"  to  the  last  trans¬ 
mitted  block  with  the  sirn  "end  transmission".  The  light  sipnal 
"end  transmission"  is  lit  simultaneously  on  the  panel  or  the  UZO 
and  on  the  operator's  table. 

A  block  with  the  '’unction  sign  "end  transmission"  proceeds  to 
the  receivinr  station  after  finishing  the  transmission  of  data.  With 
the  decoding  of  this  sign,  the  signal  "end  transmission"  forms  at 
the  receiving  station. 

However,  disengaring  the  equipment  from  the  communications 
channel  occurs  only  with  removal  of  the  "carrier"  at  the  transmit¬ 


ting  station 


With  the  necessity  to  interrupt  data  transmission  for  ('unction 


calls,  the  operator  of  any  station  can  switch  the  wouipnent  to  a 
telephone  node  by  pressinr  the  key  on  the  operator's  panel  and, 
after  finishinr  the  calls,  continue  the  transmission  without  loss 
or  duplication  of  the  data  blocks. 

The  exanined  equipment  of  data  transmission  "Akkord-'jO"  can  be 
used  on  railray  transport  for  protectin'*  telegraph  communications 
channels  with  the  transmission  of  reliable  information  from  linear 
subunits  on  the  road  to  the  computer  center. 

The  equipment  for  data  transmission  "Akkord-1200  PP"  can  be 
installed  in  directions  which  have  rreatcr  volumes  of  information. 
V.’ith  the  aid  of  this  apparatus,  we  can  organise  systems  of  data 
transmission  both  with  commutation  of  channels  and  with  commutation 
of  mess a  re s . 

’Irure  1.  Data  transmission  equipment  "Akkord-50  PP". 
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